This study aimed to investigate the effects of areca flower tea polyphenol extract (AFPE) on the adipogenesis of 3T3-L1 preadipocytes. AFPE was extracted from areca flower tea using boiling water, and the polyphenolic compounds were analysed by HPLC. At doses that they did not induce cytotoxicity, AFPE (50 -200 μg/mL) efficiently inhibited triglyceride accumulation in the mature adipocytes in a dose-dependent manner when induced to differentiate. Additionally, AFPE suppressed the secretion of leptin and the expression of lipoprotein lipase (LPL).
Introduction
Obesity has become a major risk factor known to contribute to a variety of comorbidities including diabetes mellitus, lipidaemia, hypertension, atherosclerosis, and certain cancers (Kopelman, 2000; Wang et al., 2015) . Obesity is mainly caused by an excess of dietary fatty acids and carbohydrates, and it is characterized by increased adipose tissue mass and energy intake (Spalding et al., areca flower contains a variety of nutrients and pharmaceutical properties (Lin and Li, 2010; Zhang et al., 2009) . Moreover, as a potential antioxidant which is rich in polyphenol, areca flower is consumed as a material of functional food. In China, tea has been used as an anti-obesity therapy for more than a millennium (Yang et al., 2015) . Tea contains abundant of polyphenolic fraction, the putative anti-obesity effects have been most commonly attributed to the polyphenolic compounds in tea. Our studies demonstrated catechin, rutin and naringenin were the main phenolic compounds in extracts of areca flower tea. As previously study, the antiadipogenic activity of catechin in 3T3-L1 cells was determined, and results indicated that catechin exerted inhibitory activity on adipocyte differentiation via acting on early stage of adipogenesis (Liu et al., 2011) . On the other hand, the effect of rutin on adipogenesis in 3T3-L1 preadipocyte was reported and results showed rutin reduced the intracellular TG accumulation (Jeon et al., 2014) . Results also proved anti-obesity effect of rutin in obese rats was through decreasing the weight gain and adipose tissue (Hsu and Yen, 2007) . Other polyphenolic compounds such as naringenin, chlorogenic acid was also demonstrated the antiadipogenic activity. However, the direct effect of areca flower tea polyphenol extracts on adipogenesis has not been reported yet.
Therefore, the study of areca flower tea polyphenol extracts (AFPE) on the adipogenesis can provide theoretical basis about the development of obesity and associated metabolic diseases. In addition, our results demonstrated an enormous potential application of AFPE in developing a variety of functional foods and other health products.
The differentiation and proliferation of preadipocytes is coordinated and regulated by several adipogenic molecules, which include a variety of growth factors, cytokines, and hormones.
Adipogenesis is mainly regulated by two key adipogenic transcription factors, peroxisome proliferator-activated receptor γ (PPARγ) and CCAT/enhancer-binding protein α (C/EBPα), which plays key roles in regulating the adipogenesis and modulating the function of fat cells in adipose tissue (Choi et al., 2016) . Many of studies have reported that the expression of PPARγ and C/EBPα were decreased in 3T3-L1 adipocytes treated with natural products (Ogawa et al., 2010) . In view of this, the effects of areca flower tea polyphenol extracts on the expression of PPARγ and C/EBPα was studied, which could indicate whether areca flower tea polyphenol extracts has the potential to prevent obesity.
Therefore, the main objective of the present study was to evaluate the effects of areca flower tea polyphenol extracts on the adipogenic differentiation of 3T3-L1 preadipocytes by determination of lipid accumulation and identify several potential mechanisms that may be involved in this process.
Materials and Methods
Reagents MTT, Oil Red O, trypsin, insulin, dexamethasone, and 3-isobutyl-1-methylxanthine were purchased from Sigma (St.
Louis, MO, USA). Dulbecco's Modified Eagle's Medium (DMEM) was obtained from Gibco (Grand Island, NY, USA). Fetal bovine serum (FBS) was purchased from Sijiqing (Hangzhou, China). The mouse TG ELISA kit, mouse LPL ELISA kit, mouse Leptin ELISA kit were purchased from Jingmei biotechnology (Jiangsu, China). The mouse PPARγ ELISA kit and mouse C/EBPα ELISA kit were purchased from Cusabio Co. (Wuhan, China). All other reagents were of the highest analytical grade and purchased from common sources.
Preparation of areca flower tea polyphenol extracts (AFPE)
Areca flower tea was purchased from local supermarket in Hainan, China. Areca flower tea was shatter into powder, and extracted three times with boiling water for 1 h. The ratio of areca flower powder and water was 1:10. After filtered, all the mixture was centrifuged at 10,000 rpm for 10 min at room temperature, and the supernatant was collected. Extract was kept in a refrigerator after dried by the rotary evaporation (BUCHI, Switzerland) until use.
Resin adsorption technology is being explored to concentrate polyphenols. AB-8 resins were selected in this experiment, and pre-treatment was performed as previously described by Buran et al. (2014) . As our previous study, the optimal extracting conditions were as follows: the sample pH 4.0, concentration of ethanol used as elution agent 60%, initial sample concentration 0.4 mg/mL, adsorption ratio and desorption ratio 3 BV/h. AB-8 resin performed great in separating and purifying polyphenols from areca flower tea. The polyphenols after purification was used for the later cell experiment. Phenolic acids were measured at a wavelength of 280 nm.
Determination compositions of phenolic compounds
Identification of phenols was achieved by comparing the retention time of peaks in AFPE to the peaks of eight standard compounds.
Quantitative analysis was based on the peak area by comparing with peak area of the standard compounds.
Cell culture 3T3-L1 cell line used in the experiment was purchased from the Institute of Biochemistry and Cell Biology (Shanghai, China). 3T3-L1 cells were maintained in DMEM high glucose medium supplemented with 10% fetal bovine serum in a humid atmosphere of 5% (v/v) CO 2 and 95% (v/v) air at 37℃.
Cells were treated with trypsin solution after reaching 70-80% confluence and cells cultured less than 6 passages were only used in this study.
Adipocyte differentiation Adipogenic differentiation was
undergo as previously method with some modifications (Yang, et al., 2015) . When the cells reached 100% confluency (0 d), they were Cytotoxicity assay 3T3-L1 preadipocytes were induced to differentiate as described above. The cytotoxicity effect of AFPE was measured using an LDH cytotoxicity detection kit (Roche Applied Science, USA). At day 4 or 8, cytotoxicity was examined by LDH assays. LDH activity was measured according to the manufacturer's protocol, in culture supernatants and cell lysates to evaluate cytotoxicity. solubilized with DMSO (150 μL/well), and the absorbance was determined at 570 nm using an ELISA plate Reader (Thermo Scientific, USA).
Cell viability assay

Oil-red O staining and quantification 3T3-L1 preadipocytes
were planted at a density of 10 5 cells/well into 24-well plates and adipocyte differentiation was induced according to the method above for 8 d (Lee et al., 2015; Ishibashi et al., 2016) . After this period, cells in culture plates were washed with phosphate-buffered saline twice and then fixed with 10% neutral formalin for 30 min at room temperature. Following this, formalin was removed and 0.3% 
Measurement of triglyceride (TG) content The cell extracts
were collected after a treatment period of 8 d as described above.
The mature adipocytes were allowed to wash twice with PBS, collected using a cell scraper. Cell collections were subject to repeat freezing and thawing for three times. The supernatants were assayed for TG content after centrifugation at 12,000 g for 5 min at 4℃ with the manufacturer's protocol. The total protein content was determined by Bradford method. Results were expressed as mg of TG per mg of cellular protein. 
Measurement of leptin secretion
Measurement of LPL, PPARγ and C/EBPα expression 3T3-L1
cells were inoculated in 6-well plates at a volume of 2 mL and harvested after 8 d of adipocyte differentiation as described above.
For quantitative analysis, the total protein of cells was obtained on the last day following the method described above. The content of lipoprotein lipase (LPL), PPARγ and C/EBPα were detected using mouse LPL ELISA kit, mouse PPARγ ELISA kit, and mouse C/ EBPα ELISA kit following the manufacturer's instructions. The operating procedures were similar with measurement of TG content.
Statistical analysis Statistical analysis of the data was done
with SPSS statistical analysis software. Results were expressed as means ± standard deviation from three independent replicates.
One-way ANOVA followed by Duncan's multiple-range test was used to assess the differences between the individual groups.
Differences were considered significant when P < 0.05.
Results
Identification of active components in AFPE by using HPLC
The HPLC chromatography of standard and AFPE were showed in Fig.1A and B. Fig.1B showed three major peaks and some minor peaks. These peaks were identified according to compare the retention times of various standards. The active components were catechin, rutin, naringenin, ferulic acid, coumaric acid, chlorogenic acid, as well as unknown components without standards. Detailed chemical information on the compounds was presented in Fig.1C .
The contents of catechin, rutin, naringenin in AFPE were estimated to be 27.07 ± 0.27, 22.07 ± 0.23 and 20.40 ± 0.32 mg/g AFPE, respectively.
Effect of AFPE on 3T3-L1 cytotoxicity and cell viability To
assess any cytotoxic effects of AFPE, cytotoxicity in 3T3-L1 preadipocyte were examined by LDH assays. Results showed that AFPE did not cause cytotoxicity at 4 d and 8 d during differentiation ( Fig.2A) . In order to assess the effects of AFPE on cell proliferation of 3T3-L1 preadipocyte, cells were treated with or without AFPE at different concentrations (50 -200 μg/mL) for 48 h. Then the cell viability was measured by MTT assay (Fig.2B ).
It was obvious that AFPE concentrations at 50 -200 μg/mL could not significantly decrease the cell viability of 3T3-L1
preadipocytes. However, cell viability was decreased when concentrations of AFPE up to 400 μg/mL (data not shown). Our results indicated that AFPE did not exhibit any obvious toxicity on 3T3-L1 preadipocytes at the tested concentration.
Effects of AFPE on differentiation from preadipocytes to
adipocytes To investigate the effects of AFPE on differentiation, oil-red O staining was conducted after induction of differentiation for 8 d. When adipogenic stimulation started, 3T3-L1 preadipocytes gradually rounded, formed small oil droplets that coalesced into larger oil droplets, and finally differentiated into ring-like mature adipocytes (as shown in Fig.3Aa-d ). After induction, completely differentiation was observed in control group, and in AFPE treated groups, the stained area for Oil-red O was significantly decreased (Fig.3Ae-h ). Quantitative analysis (data shown in Fig.3B ) of oil-red O staining also displayed that the AFPE treatment had a greater inhibitory effect on lipid accumulations in a concentration-dependent manner compared with the control group. The accumulation of lipid in AFPE treatment groups was decreased to 85.36 ± 1.12%, 74.25 ± 2.01%, 51.06 ± 2.89% and 25.62 ± 1.46%, at concentration of 50, 100, 150
and 200 μg/mL, respectively. It is well known that resveratrol can exert anti-obesity effects by inhibiting differentiation of 3T3-L1
preadipocytes (Lasa et al., 2012; Yang et al., 2008; Aguirre et al., 2014) . Thus, resveratrol was used as a positive control. Results
showed that the accumulation of lipid after resveratrol (20 μg/mL) was 62.49 ± 0.39% of control group.
Effects of AFPE on intracellular TG content in 3T3-L1
Adipocytes As shown in Fig.4A , the accumulation of TG was significantly reduced in a dose-dependent manner of groups 
Effects of AFPE on leptin secretion Differentiating 3T3-L1
preadipocytes treated with AFPE could result in a dose-dependent decrease of leptin release into the culture medium. Significant Treating obesity with the currently available drugs is usually associated with serious negative effects (Kowalska et al., 2015) .
Therefore, new studies focus attentions on some food component on negative side effects for the prevention and therapy of obesity. 2012; Sun et al., 2012; Tan et al., 2015; Xu et al., 2012; Yi et al., 2015) . An increasing number of phenolic compounds have been observed to fight obesity in vitro or in vivo studies (Chang et al., 2016; Ko et al., 2015) . These natural phenolics are considered to be associated with fewer side effects as they are commonly distributed in foodstuffs and natural herbs. It seems that it is very needed to interpret the mechanisms by which phenolic compounds could improve the functions of adipocyte. Thus, this study investigated the effect of areca flower tea polyphenol extract (AFPE) on differentiation of 3T3-L1 preadipocytes.
Using HPLC, we demonstrated that the phenolic compounds of AFPE contained several major compounds, including catechin, rutin and naringenin (Fig.1) . These constituents were illustrated to be effective in suppressing adipocyte differentiation. Choi et al. (2006) reported the effects of catechin, rutin, naringin, p-coumaric acid and chlorogenic acid on suppressing adipocyte differentiation in 3T3-L1 cells, most of them inhibited adipocyte development from preadipocytes to a certain degree. Although catechin inhibited Fig. 2 . Effects of different AFPE concentrations on cell viability and cytotoxicity of 3T3-L1 preadipocytes. (A) LDH assay was conducted at day 4 and 8 to evaluate the cytotoxicity of 3T3-L1 preadipocytes during differentiation. Control cells were treated without AFPE during differentiation. (B) Cell viability was measured by MTT assay after 3T3-L1 preadipocytes exposed to different concentrations of AFPE (50 -200 μg/mL) for 48 h. Control cells were treated with the same medium without AFPE. All data represent as means ± SD of three independent experiments. Mean values with different letters were determined to be significantly different by one-way ANOVA followed by Duncan's test (P < 0.05).
adipocyte differentiation, it was not significant (P > 0.05). It was noted that rutin was the most effective in inhibiting adipogenic development in preadipocytes, and results revealed that mRNA expression of adipogenic transcription factors such as PPARγ and C/EBPα in 3T3-L1 cells were significantly down regulated after rutin (0.5 mg/mL) treatment. The previous study also discovered that naringenin (25 μg/mL) resulted in a substantial inhibition of lipid accumulation and inhibited adipogenesis by blocking the induction of PPARγ, aP2, STAT5A and adiponectin expression (Richard et al., 2013) . Kang et al. (2013) pointed out that p-Coumaric acid may have anti-adipogenesis effects by suppressing expression of adipogenic transcriptional factors during the late phase of adipogenesis. It was also noted that chlorogenic acid and caffeine reduced fat accumulation and body weight gain through regulating the activities and mRNA and protein expression levels of hepatic lipid metabolism-related enzymes, meanwhile, these effects are stronger than those exerted by chlorogenic acid and caffeine individually (Zheng et al., 2014) . As mentioned above, AFPE contributing to the anti-adipogenic effect would be due to the multiple bioactive compounds.
Results from our LDH and MTT experiments showed that AFPE at 50 -200 μg/mL have no significant toxicity on 3T3-L1 preadipocytes (Fig.2) . In addition, the findings of the present study suggested that AFPE suppressed the ability of the 3T3-L1 preadipocyte cell to undergo adipocyte differentiation in vitro. Fig.3 and Fig.4 depicted the significantly anti-adipogenic effect on 3T3-L1 preadipocytes differentiated. The accumulation of lipid in AFPE treatment groups was decreased to 85.36 ± 1.12%, 74.25 ± 2.01%, 51.06 ± 2.89% and 25.62 ± 1.46% (Fig.3B) , respectively, at the concentration of 50, 100, 150 and 200 μg/mL. Additionally, the accumulation of TG was significantly reduced in a dose-dependent manner after treated with different concentration of AFPE (Fig.4A ). Lipid metabolism in adipocytes is controlled by multiple factors. Since AFPE decreased lipid accumulation and TG content during differentiation from 3T3-L1 preadipocytes into adipocytes, the study of examining whether AFPE affected the lipogenesis was performed.
Adipose tissue has the ability to secrete plenty of adipocytokines, including adiponectin and leptin, which associated with the development of adipocytes. Leptin is a multifunctional protein and it plays an important role in the regulation of body energy. From previously studies, we knew lipid accumulation in maturing adipocytes was significantly reduced by the secretion of leptin, demonstrating an inhibitory effect of leptin on adipogenesis (Kowalska et al., 2015) . Lee et al. (2011) reported that silk protein hydrolysate suppressed fat accumulation through directly upregulation of leptin during differentiation of 3T3-L1 preadipocytes.
However, kowalska et al. confirmed that lyophilized cranberries inhibit lipid metabolism with a decreased leptin gene expression (Kowalska et al., 2015) . In our study, the effect of AFPE on regulation of the leptin secretion during differentiation from 3T3-L1 preadipocytes into adipocytes was examined. An obvious down-regulation of leptin secretion was observed when cells differentiated in the presence of AFPE (Table 1) . Leptin is secreted almost exclusively by adipocytes, so the secretion level of leptin associated with the development of adipocytes.
LPL has an important function in the decomposition of lipids into fatty acids and monoacylglycerol. In the previous studies, it was reported that LPL expression increased in the process of 3T3- Resveratrol, positive control. All data represent as means ± SD of three independent experiments. Mean values with different letters were determined to be significantly different by one-way ANOVA followed by Duncan's test (P < 0.05). Emerging evidence demonstrates that PPARγ activation increases the rate and level of adipocyte differentiation in 3T3-L1 (Staels and Fruchart, 2005) . PPARγ is considered as a master regulator of adipogenesis and also required at the differentiated state (Rosen and MacDougald, 2006) , since it induces various adipocyte-specific genes which correlates with lipid accumulation and fatty acid metabolism (Lee et al., 2015) . Many study found that activation of PPARγ induce the expression of fatty acid binding protein, fatty acid translocase and lipoprotein lipase (Noh et al., 2013) . In previous study, it has been proved that some compounds enhance adipogenesis through PPARγ activation.
However, other studies reported that some compounds can be as inhibitor of PPARγ in adipogenesis. C/EBP family members are involved in adipogenic induction and C/EBPα is responsible for the maintenance of PPARγ expression and functions to transactivate the promoters of various adipocyte genes, such as GLUT4, SCD1, leptin, and the insulin receptor (Tan et al., 2015) . In the current study, exposing 3T3-L1 cells to AFPE was found to restrain the expression of PPARγ and C/EBPα significantly in a concentrationdependent manner (P < 0.01), confirmed that AFPE is a major active compound exhibiting anti-obesity activity.
Collectively, the current data presented in this study provided for the first time a basis for understanding the effects of AFPE on modulating the function of adipocyte. Therefore, AFPE could be suggested as valuable ingredients of functional food products programmed for prevention and therapy of obesity and obesityrelated metabolic diseases.
